Examination of the complete set of chromosomes is essential for the study of karyological evolution and gene mapping. Avian chromosomes have been examined by direct preparation of adult bone marrow cells (MITTAL and SAKHUJA 1980) or after in vitro culture of adult feather pulp (SASAKI et al. 1968) , adult peripheral lymphocytes (TAKAGI and SASAKI 1974) , adult skin cells (KOSUGE and TATENO 1982) , or embryonic somatic cells (HAMMAR and HERLIN 1975) . We report here that we can perhaps analyse the karyotype of any birds using peripheral erythrocytes.
MATERIAL AND METHODS
Mouse oocytes, collected from the oviducts of superovulated females (B6D2F1), were freed from cumulus cells and kept in Hepes-buffered CZB (Hepes-CZB) medium for less than 2 hr at 37°C (KIMURA and YANAGIMACHI 1995) . The skin of the tip of brachium of the Bengalese finch (Lonchura striata var. domestica) was pricked with a sterile 26-gauge needle. The blood sample (about 5 ml) was mixed with 1 ml of Hepes-CZB and kept on ice until use. This amount of blood sample is far less than 1 % of bird's body weight, which is set as the threshold for blood draw from wild birds. The finch weights about 15 g. In the case of white-tailed eagles (Haliaeetus albicilla; listed as an endangered species in Japan), which are being preserved in Asahiyama Zoo, blood (1 -2 ml) was withdrawn into a heparinized syringe from the vein of the brachium. Erythrocytes were separated by centrifugation (500g, 5 min) and mixed with 5 ml of Dulbecco's minimum essential medium (D-MEM) containing 10 % fetal bovine serum and 10 % dimethyl sulfoxide. The suspension was divided into 0.5 ml aliquots, kept at −80°C overnight, plunged into liquid nitrogen and stored until use.
Immediately before use, erythrocytes were treated with 0.5 % NP-40, a non-ionic detergent, in Hepes-CZB for 10 min at 0°C to disrupt both the plasma membrane and nuclear envelope. The nuclei were rinsed and individually injected into mouse oocytes according to the procedure of intracytoplasmic sperm injection described previously (KIMURA and YANAGIMACHI 1995) . The time interval between demembranation of erythrocytes and their injection into oocytes was less than 1.5 hr. Within 30 min after injection, oocytes were activated by incubating them for 2-3 hr in calcium-free CZB medium containing 5 mM SrCl 2 . Activated oocytes that emitted the second polar body were returned to normal CZB medium for further culture. All erythrocyte chromosomes were retained within oocytes. Approximately 6 hr later, eggs were transferred to CZB medium containing vinblastine sulfate (0.01 mg/ml). Between 18 and 20 hr after nuclear injection, the eggs arrested at the first cleavage metaphase were processed for chromosome examination using the gradual-fixation/air-drying method (MIKAMO and KAMIGUCHI 1983) .
RESULTS AND DISCUSSION
Of 42 mouse eggs that were successfully injected with finch erythrocyte nuclei, 40 (95 %) each had one pronucleus of egg origin and one pseudo-pronucleus of erythrocyte origin. 39 eggs (93 %) at the metaphase of the first cleavage had both a mouse egg chromosome set and a finch erythrocyte chromosome set, which could be readily distinguished from each other (Fig. 1a) . Eagle chromosomes were seen in 64 (94 %) of 68 injected eggs (Fig. 1b) . Chromosome C-banding revealed that two of the three eagles used were female (ZW) as evidenced by the presence of a heterochromatic W chromosome (Fig. 1c) . This procedure creates minimum discomfort for the birds used, and to our knowledge is the first observation of avian chromosomes using their ery-throcytes, which do not normally divide. The appearance of normal-looking avian chromosomes within mammalian egg cytoplasm suggests that the nucleuscytoplasm interaction is not strictly species-specific, at least before the first cleavage. Karyoanalysis of human spermatozoa using hamster or mouse oocytes has been used (RUDAK et al. 1978; MARTIN 1983; KAMIGUCHI and MIKAMO 1986; LEE et al. 1996) . It seems likely that the oocytes of mice, and probably other mammals, can be used as universal recipients for somatic nuclei from any avian and mammalian species. If oocyte's metaphase II chromosomes are removed prior to injection of a donor nucleus, chromosomes that appear at the first cleavage metaphase are all of donor origin. Unless the chromosomes of the nucleus donor are similar in structure and number to those of the egg, prior removal of egg chromosomes would be unnecessary for recognition/ identification purposes. In fact, oocyte chromosomes can serve as an internal control of experiments. In contrast to our experience here with birds, our pilot experiments with cold blooded animals (lizard, frog and fish) revealed that their erythrocyte nuclei did not transform into normal chromosome within mouse eggs that must be kept around 37°C for their survival. The method reported here should be useful for basic studies on karyological evolution and gene mapping in avian species, as well as breeding of endangered avian species without distinct sexual dimorphisms. 
